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0 Improved membrane separation system and process. 



0 Condensation of feed gas constituents within a 
membrane system are efficiently and effectively pre- 
cluded by positining the membrane system within an 
insulated enclosure heated to maintain superheat 
conditions for the feed gas passing to said mem- 
brane system. The membrane modules within the 
system are not individually insulated. A constant, 
stable temperature environment can readily be main- 
tained within the enclosure, and advantageous flexi- 
bility can be achieved in the controlling of the op- 
^^''atlng temperature for process optimization pur- 
poses. The energy requirements of the overall op- 
to eratlon are reduced by the advantageous recovery of 
2 feed gas compression heat for use In supplying heat 
to the feed gas within said insulated enclosure. 
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IMPROVED MEMBRANE SEPARATION SYSTEM AND PROCESS 



Background of the Invention 



Field of the Invention 

The Invention relates to permeable menrtbrane 
gas separation systems. More particularly, it relates 
to the prevention of condensation in such systems. 



Descnption of the Prior Art 

Permeable membranes capable of selectively 
permeating one component of a gas mixture are 
considered in the art as a convenient, potentially 
highly advantageous means for accomplishing de- 
sirable gas separations. To realize this potential In 
practical commercial operations, membrane sys- 
tems must be capable of achieving and maintaining 
a desired degree of process efficiency, without 
undue maintenance or an unacceptable decrease 
in membrane life because of environmental factors 
associated with their use. 

One such factor relates to the condensation of 
the constituents of the feed gas on the surface of 
the membrane. Such condensation can lead to 
lower permeation rates, corrosion, increased main- 
tenance and decreased membrane life. In addition, 
condensation in membrane systems can result, in 
some instances, in a contamination of desired 
product streams. Because of such condensation, 
therefore, more membrane surface area is com- 
monly required for a given gas separation opera- 
tion. As a result, tx)th capital costs and main- 
tenance costs are increased over those that would 
be incurred for membrane systems free of con- 
densation problems. 

It is important, therefore, that efforts be made 
in the art to minimize or eliminate condensation in 
membrane systems. One approach that has been 
employed for this purpose is to superheat the feed 
to the membrane system and to individually in- 
sulate the membrane modules included in a mem- 
brane system in order to maintain the superheat 
conditions therein. The superheat is typically sup- 
plied from external sources, such as steam or 
electrical heaters. Another approach involves 
predrying the feed stream by means of an adsor- 
bent or a refrigerant dryer to a temperature dew 
point that is lower than the membrane operating 
temperature. 

While such approaches serve to minimize or 
eliminate condensation, it will be appreciated that 
the capital an operating costs associated therewith 



are relatively high. Preheaters thus typically require 
an external energy source, and the insulation for 
individual membrane assemblies is relatively ex- 
pensive and can make access to the membrane for 

5 maintenance purposes troublesome. Dryer systems 
likewise tend to be expensive, both in terms of 
operating costs and capital expense. 

While solutions to the problem of condensation 
in membrane systems have thus been developed, 

10 a need remains for further improvement in the art, 
such development to enable condensation to be 
minimized or eliminated at reduced initial capital 
cost and lower operating and maintenance costs 
than are obtainable In the prior art practices. Such 

;5 improvement in the art would contribute to the 
technical and economic feasibility of the use of 
permeable membrane systems in a wide variety of 
commercially significant gas separation operations. 
It is an object of the invention, therefore, to 

20 provide an improved membrane separation system 
and process in which the problem of condensation 
is obviated. 

It is another object of the invention to provide a 
membrane separation system and process contain- 
25 ing improved means for eliminating or minimizing 
condensation of feed gas constituents on mem- 
brane surfaces. 

With these and other objects in mind, the In- 
vention is hereinafter described In detail, the novel 
30 features thereof being particularly pointed out in 
the appended claims. 

Summary of the Invention 

35 

An insulated heated enclosure is used to sup- 
ply and/or contain superheat to feed gas being 
passed to a membrane system contained In said 

40 enclosure, such superheat serving to prevent con- 
densation on the surfaces of the membrane ma- 
terial. It is not required that Individual membrane 
modules be heated, or that the feed gas be 
preheated or predried before passage to the mem- 

45 brane system. Heat recovered from feed gas com- 
pression operations is desirably employed as said 
superheat 

50 Brief Description of the Drawings 

The invention is further described herein with 
reference to the accompanying drawings in which: 
Rg. 1 is a schematic diagram of an embodi- 
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ment of the temperature control system of the 
invention, and 

Fig. 2 is a schematic diagram of a preferred 
embodiment of said invention providing advanta- 
geous heat recovery and temperature control. 

Detailed Description of the Invention 



The objects of the invention are accomplished 
by installing the membrane system in its own sepa- 
rate enclosure, which is insulated and heated to 
maintain desired superheat for the feed gas being 
passed to the membrane system within the enclo- 
sure. The individual membrane modules compris- 
ing said membrane system thus do not require 
individual insulation. In the practice of the invention, 
capita! and operating costs for condensation control 
are reduced. In addition, enhanced flexibility in the 
control of operating temperatures and in achieving 
process optimization is achieved. 

The invention will t>e understood to apply with 
respect to any desired membrane structures ca- 
pable of selectively permeating a more readily per- 
meable component of a feed gas mixture contain- 
ing said component and a less readily permeable 
component. Thus, membranes of the composite 
type, asymmetric type membranes or any other 
fomn of membrane configuration can be employed. 
Composite membranes generally comprise a thin 
separation layer or coating of a suitable permeable 
membrane material superimposed on a porous 
substrate, with the separation layer determining the 
separation characteristics of . the composite struc- 
ture. Asymmetric membranes, on the other hand, 
are composed essentially of a single permeable 
membrane material having a thin dense semiper- 
meable skin that determines the separation char- 
acteristics of the membrane, and a less dense, 
porous, non-selective support region that serves to 
preclude the collapse of the thin skin region under 
pressure. Such membrane structures may be pre- 
pared In a variety of forms, such as spiral wound, 
hollow fiber, flat sheet and the like. 

For use in practical commercial operations, 
such membrane structures are commonly em- 
ployed in membrane assemblies that are typically 
positioned within enclosures to form a membrane 
module that comprises the principal element of an 
overall] membrane system. As used herein with 
reference to the invention, the membrane system 
comprises a membrane module or a number of 
such modules, arranged for either parallel or series 
operation. As indicated above, the membrane sys- 
tem is enclosed in a separate, insulated enclosure 
heated to maintain superheat conditions, with the 
individual modules In the system not requiring in- 



dividual insulation as in prior art practice. The 
membrane modules can be constructed in the form 
of spiral wound cartridges, hollow fiber bundles, 
pleated flat sheet membrane assemblies, and other 

5 such assemblies common in the membrane in- 
dustry. The membrane module is constructed so 
as to have a feed-surface side and an opposite 
permeate exit side. In conventional modules, the 
enclosure portion thereof is constructed so as to 

10 enable the feed stream mixture to be brought into 
contact with the membrane feed-surface side. Con- 
duit means are provided for the removal of the 
non-permeate portion of the feed stream, and for 
the separate removal of the permeate gas that has 

IS passed through the membrane. 

While a wide variety of practical gas separation 
operations are susceptible to undesired condensa- 
tion problems, the nature of the problem, and of 
the need for an improved process and system for 

20 maintaining a superheated, stable temperature en- 
vironment for optimum operation of gas separation 
membrane systems is demonstrated herein with 
respect to air separation to produce a nitrogen- 
enriched product gas. In such air separation oper- 

25 ations, there Is a loss in membrane penmeabllity. 
I.e. a loss in permeation rate, as the relative humid- 
ity of the air is increased. If, on the other hand, the 
feed air is heated so as to decrease its relative 
humidity, the permeation rate for the more readily 

30 permeable oxygen component of the air Is in- 
creased. Ad the permeation rate is increased, it will 
be understood that less membrane surface area is 
required for a given gas separation, e.g. oxygen 
from nitrogen in said air separation case. Thus, as 

35 the feed gas becomes more superheated, upon 
being heated to temperatures above its dew point 
temperature, the available membrane surface area 
requirements for the particular membrane system 
can be reduced, thus reducing the capital costs 

40 associated with the gas separation operation. 

Numerous other problems can be caused by 
the build-up of water or other condensate in the 
membrane assembly. Corrosion can thus become 
a major problem, requiring additional initial capital 

4S expense for construction materials capable of with- 
standing such corrosion and/or Increased main- 
tenance cost. In addition, condensate build-up can 
eventually carry over into the product gas stream, 
with consequent contamination of the product. In 

50 the case of air separation, water could condense in 
the membrane module and be carried over Into the 
non-permeate. nitrogen product stream. Water va- 
por, however, is highly permeable. If superheated, 
therefore, it would normally permeate through the 

55 membrane and exit from the system with other 
permeate waste product, i.e. the oxygen-enriched 
permeate gas stream In typical air separation oper- 
ations. 
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In addition to such relative humidity and con- 
densation effects on membrane performance, the 
membrane operating temperature also has a signifi- 
cant effect on membrane performance. Thus, the 
capacity of a membrane system per unit area of 
membrane surface and the capacity per unit of 
feed gas vary significantly with operating tempera- 
ture. As the temperature increases, the capacity 
per unit area increases, but the capacity per unit of 
feed gas decreases. As a result, more product gas 
can be produced for a given membrane surface 
area at higher operating temperatures, but propor- 
tionately more feed gas is required under such 
higher temperature conditions. Such an increase in 
feed gas requirements necessarily means that a 
larger air compressor is required, and greater 
amounts of power are consumed. At lower operat- 
ing temperatures, the opposite effect occurs, and 
the compressor and power requirements are lower, 
but a greater amount of membrane surface area is 
required for a given gas separation operation. 

With due consideration to such temperature 
effects, it is. of course, highly desirable that the 
membrane system design be optimized with re- 
spect to surface area and feed gas requirements 
for a particular operating temperature. Once the 
membrane system has been designed, it is impor- 
tant to be able to maintain the system at the design 
temperature during ordinary commercial oper- 
ations. It is also desirable to have the ability to 
change the operating temperature of the system to 
better satisfy the production and/or purity require- 
ments during period of reduced demand, a turn- 
down from design conditions. The practice of the 
invention provides a desirable flexibility in the 
modifying of the operating temperature between 
the design temperature and temperature desired at 
various turndown conditions, or between one tum- 
down temperature and another, or even between 
such temperatures and temperature in excess of 
said design temperature. As will be appreciated 
from the disclosure hereof, the invention provides a 
convenient, low-cost, efficient means for providing 
a constant, stable, flexible, superheat environment 
for gaseous separation permeable membrane sys- 
tems. 

For the purpose of the invention, a low-cost 
enclosure, or building. Is installed over the mem- 
brane system, typically comprising a number of 
membrane modules. The enclosure is insulated 
using typical building construction insulating ma- 
terial, such as. for example, 3 or 6 of R-11 or 
other typical fiberglass or other suitable insulation 
material. The enclosure will be understood to be 
large enough to permit operating personnel to enter 
the enclosure for sen^icing of the membrane sys- 
tem positioned therein. The enclosure may be con- 
structed of sheet metal or any other suitable ma- 



terial and lined with such insulation. Various appro- 
priate safety features will also be Included as part 
of the enclosure structure, such as vents, fans, snif 
ports and the like. For ease of utilization, the enclo- 

5 sure will also be provided with suitable doors or 
like means for facilitating installation and main- 
tenance of the membrane system located therein. 

With reference to Fig. 1 of the drawing, the 
invention is further described with reference to 

70 such an insulated enclosure that is heated by an 
external source of heat such as steam, gas or 
electric heaters. In this embodiment, feed gas is 
passed in line 1 to a suitable compressor 2 for 
compression to a desired feed gas pressure. The 

75 compressed feed gas is then passed in line 3 to a 
suitable gas cooling zone 4 of conventional nature 
for cooling to below the design operating tempera- 
ture level of the membrane system. Upon cooling, 
the feed gas will typically be supersaturated, i.e. it 

20 will be saturated with condensable vapor constitu- 
ents thereof and also contain free liquid droplets. 
Thus, a feed air stream, at this point in an air 
separation process, will typically comprise com- 
pressed air at below design operating temperature 

25 together with water droplets. The feed gas is 
passed from said cooling zone 4 in line 5 to 
conventional water separator zone 6, of any desired 
type, for removal of any free water or other liquid 
droplets present in the feed gas stream. Separated 

30 liquid is removed from said separator zone 6 
through line 7, while the feed gas is removed from 
said separator zone 8 through line 8. At this point, 
the compressed, cooled feed gas stream Is typi- 
cally saturated with said condensable vapor con- 
as stituents thereof at the particular operating pres- 
sure, e.g. a feed air stream saturated with water 
vapor. The feed gas stream passes, in said line 8, 
into the heated, insulated enclosure 9 of the inven- 
tion. The Insulation layer of said enclosure Is repre- 

40 sented generally by the numeral 10. the doors, 
vents, fans, snif ports for the detection of gas leaks 
and the like are not shown on the drawing. In- 
sulated enclosure 9 is heated, in the illustrative 
example, by heater means 1 1 positioned within the 

46 disclosure and that receives its heat by external 
means generally represented by the numeral 1 2. 

The feed gas is passed In said line 8 to the 
permeable membrane system 13 within heated, 
insulated enclosure 9, for passage of the feed gas 

60 into the individual membrane modules (not shown) 
comprising said system in any desired series 
and/or parallel flow bath. The more readily per- 
meable component(s) of the feed gas mixture pass 
through the permeable membrane material in the 

55 membrane modules for discharge on the permeate 
exit side of the membrane system through line 14. 
The less readily permeable components of the 
feed gas mixture are removed from the membrane 
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modules on the feed-surface, or non-permeate, 
side thereof for discharge from membrane system 
13 through line 15. 

Those skilled in the art will appreciate that the 
feed gas is to be heated within insulated enclosure 
9 to a superheat temperature, i.e. a temperature 
above the saturation temperature of the feed gas at 
the operating pressure of the membrane separation 
operation. For this purpose, the amount of heat 
added must be sufficient to superheat the feed gas 
and to compensate for heat losses from the in- 
sulated enclosure. The amount of feed gas super- 
heal should generally be at least 3' F and prefer- 
ably at least 5*F to ensure against underslrable 
condensation. The heat addition can be to the 
ambient within the insulated enclosure 9, by heater 
means 11, or directly to the feed gas as described 
below. 

The practice of the invention Is found to pro- 
vide a number of significant advantages over the 
prior art as discussed above. Thus, the capital 
costs of the overall system can be decreased as 
compared with the prior art approach in which the 
feed gas is superheated directly and the Individual 
membrane modules, e.g. bundles, are individually 
insulated to maintain the desired superheat con- 
ditions. This is particularly the case when multiple 
membrane module systems are employed. In addi- 
tion, maintenance access to the modules is im- 
proved in the practice of the invention, wherein the 
modules are not individually insulated, as com- 
pared to the prior art practice of individual mem- 
brane module insulation. 

It has also been found that a more even, stable 
temperature condition can be maintained through- 
out the overall membrane system using the heated, 
insulated enclosure approach of the invention than 
is the case using the prior art approach. The opera- 
tion temperature of the membrane system is also 
found to be more easily adjustable by the changing 
of . the overall temperature within the enclosure as 
contrasted to the direct heating of the feed gas- 
Individual module insulation approach of the prior 
art. Thus, the process and system of the invention 
allows desirably greater flexibility to be achieved 
than has heretofore been obtainable in the optimiz- 
ation of the membrane system efficiency under 
variable operating conditions. 

The advantages of the invention pertain when- 
ever the membrane system operation for gas sepa- 
ration can be adversely affected by the condensa- 
tion of constituents of the feed gas stream being 
processed. The invention can also be practiced to 
advantage whenever the membrane system needs 
to be temperature controlled, to optimize the overall 
process/membrane system operation. The advan- 
tages of the invention are further enhanced in em- 
bodiments, such as that described below, when the 



energy requirements of the gas separation opera- 
lion can be advantageously reduced by the recov- 
ery of heat from the overall gas separation system. 
Referring to Fig. 2 of the drawing, the preferred 
5 embodiment illustrated therein will be seen to em- 
ploy the insulated enclosure such as is described 
above and illustrated in the Fig. 1 embodiment. 
Instead of employing an external heating means to 
achieve and maintain the desired superheat con- 
10 ditions within the insulated enclosure, however, 
heat is recovered from the overall gas separation 
system itself, and this recovered heat is used to 
achieve superheat conditions within the membrane 
system, desirable by the direct heating of the feed 
/5 gas within the insulated enclosure. Thus, feed gas 
from line 21 Is passed to an oil-flooded screw 
compressor 22. from which compressed feed gas 
is passed In line 23 to a conventional oil separator 
24. The thus-treated feed gas stream is then 
20 passed In line 25 to after cooler unit 26. and in line 
27 to a conventional liquid, e.g. water, separator 28. 
Condensed water or other liquid is removed from 
said separator through line 29. The feed gas 
stream is then passed through line 30 and enters 
25 insulated enclosure 31 of the invention. The insula- 
tion with which said enclosure is insulated is repre-. 
sented generally by the numeral 32. 

Upon entering insulated enclosure 31, which 
will be understood to be adapted to control and/or 
30 minimize the loss of heat therefrom, the feed gas in 
line 30 is passed to a coalescing filter zone 33 in 
which any residual oil droplets present in the feed 
gas are separated therefrom for removal through 
line 34. From said zone 33. the feed gas is passed 
35 In line 35 to heat exchanger zone 36, such as a 
shell and tube exchanger, where the feed gas is 
heated by hot oil from feed gas compressor 22. 
The outlet temperature of the gas is conveniently 
controlled by controlling the- amount of oil sent 
40 through said heat exchanger zone 36, The degree 
of superheat desired is. therefore, readily adjust- 
able to accommodate different dew point condi- 
tions of other factors pertaining to a give gas 
separation application. As noted above, the feed 
45 gas will, in any event, be superheated to a tem- 
perature above the saturation temperature of the 
feed gas at the desired operating pressure. 

After superheating in said zones 36. the feed 
gas is passed through line 37 to the membrane 
50 modules of permeable membrane system 38 within 
said insulated enclosure 31. with the passage 
therethrough being in series or parallel flow pat- 
terns with respect to individual modules included 
within the system. As will be disclosed from the 
55 above, the module, e.g. hollow fiber bundles, are 
not Individually insulated. The less readily per- 
meable component of the feed gas mixture is with- 
drawn from membrane system 38 at essentially the 
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feed gas pressure level as non-permeable gas on 
the feed side of the system through line 39. The 
more readily permeable component of the feed gas 
is separately withdrawn at a lower pressure as 
permeate gas on the permeate side of the system 
through line 40. 

It will be understood that oil separated from the 
compressed feed gas in oil separator 24 can be 
regulated through line 41 to said oil-flooded screw 
compressor 22, The heat of compression asso- 
ciated with the use of said compressor 22 is recov* 
ered in this preferred embodiment and utilized in- 
stead of. or in addition to, external heat sources 
such as is shown with respect to the illustrated 
embodiment of Fig, 1. For this reason, an external 
heat source is not shown in Rg. 2. although it will 
be understood that such an external heat source 
can also be employed, together with the advanta- 
geous use of the recovered heat of compression 
within the system. 

For withdrawing the heat of compression from 
compressor 22. heated oil Is passed from said 
compressor in line 42 to oil cooler 43. from which 
cooled oil is returned to the compressor through 
line 44. For the heat utilization purposes of the 
invention, a portion of the oil in line 42 can be 
diverted through line 45. so as to by-pass said oil 
cooler 43. for passage to said heat exchanger 
36.outsida or within insulated enclosure 31. Cooled 
oil leaving said exchanger is passed through line 

46 to join with the cooled oil in line 44 for recycle 
to said compressor 22. The desirable control of the 
operating temperature in this embodiment may be 
readily achieved by the use of a suitable control 
valve positioned In by-pass line 48 to control the 
amount of heated oil desired to be passed to heat 
exchanger 36. with the remaining oil being passed 
through said tine 48 for joining with the cooled oil 
being recycled from the heat exchanger through 
line 46. It will be appreciated that said control valve 

47 can be operated in response to suitable tem- 
perature measurement means, such as gauge 49 in 
said line 37 leading to membrane system 38, with 
the numeral 50 denoting the conventional means of 
communication between said temperature gauge 
49 and control valve 47. 

Those skilled in the art will appreciate that 
various changes and modifications can be made in 
the details of the invention without departing from 
the scope of the invention as set forth in the 
appended claims. In the air separation application 
referred to above, it Is common to employ a per- 
meable membrane material capable of penmeating 
oxygen as the more readily permeable component 
of the feed air stream. Nitrogen thus comprises the 
less readily permeable component of the feed air 
stream, and a nitrogen-rich product stream, if so 
desired, would be recovered as the non-permeate 



stream with the permeable gas comprising the re- 
sidual oxygen-nitrogen stream that is enriched in 
oxygen as compared to the feed air stream. In 
other applications of the invention, it would be 

5 possible to use a permeable membrane material 
having the opposite permeation characteristics so 
that, for example in the air separation application, 
the permeable membrane would permeate nitro- 
gen, rather than oxygen, as the more readly per- 

10 meable component of the feed air stream. Those 
skilled in the art will appreciate that the improved 
membrane separation system and process of the 
invention is generally applicable to any desired gas 
separation operation in which condensation of feed 

IS gas constituents is a problem that is desirably to 
be overcome and/or operations In which It may 
othenvise be necessary or desirable to achieve a 
superheated, constant, stable temperature environ- 
ment, with desirable temperature control capability 

20 beyond that obtainable using individually insulated 
membrane modules. The purification of hydrogen 
from an off-gas also containing methane, ethane 
and other hydrocarbons is an example of such gas 
separation applications, as are the recovery of hy- 

25 drogen from ammonia purge gas and carbon diox- 
ide and methane separations. 

As indicated above, the permeable membranes 
comprising the membrane system positioned within 
the insulated enclosure of the Invention may be in 

30 any desirable form, with hollow fiber membranes 
being generally prefen^d. It will be appreciated 
that the membrane material employed in any par- 
ticular gas separation application can by any suit- 
able material capable of selectively permeating a 

35 more readily permeable component of a gas or 
fluid mixture containing a less readily permeable 
component Cellulose derivatives, such as cellulose 
acetate, cellulose acetate butyrate, and the like; 
potyamides and polyimides. including aryl 

40 polyamides and aryl polyimides; polysulfones; 
polystyrenes and the like, are representative exam- 
ples of such materials. It will be understood in the 
art that numerous other permeable membrane ma- 
terials are known in the art and suitable for use In a 

46 wide variety of separation operations. As noted, the 
membranes, as employed in the practice of the 
invention, may be in composite membrane form, in 
asymmetric form or in any such form that is useful 
and effective for the particular gas separation being 

so carried out using the system and process of the 
Invention. 

By the effective and convenient overcoming of 
the condensation problems encountered In prac- 
tical commercial operations, the invention thus pre- 
ss vides a highly desirable advance in the membrane 
art as it pertains to gas separation operations. The 
invention also provides a highly desirable means 
for achieving a constant, stable temperature envl- 
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ronment that further enhances the efficiency of the 
membrane system and process for gas separation, 
thus enabling permeable membranes to more ef- 
fectively serve the need for practical and conve- 
nient means for achieving gas separations on a 
practical commercial basis. 

Claims 

1. An improved gas separation system com- 
prising:. 

(a) a permeable membrane system contain- 
ing at least one membrane module capable of 
selectively permeating a more readily permeable 
component of a feed gas stream from a less readly 
permeable component thereof, said system includ- 
ing means for passing said feed gas stream to the 
feed side of said membrane module at a desired 
feed gas pressure, and for separately withdrawing 
the less readily permeable component as non- 
permeate gas at essentially said feed gas pressure 
level and the more readily permeable component 
as permeate gas at a lower pressure, the mem- 
brane module or modules not being individually 
insulated for the retention of heat therein; 

(b) heat supply means suitable for supplying 
sufficient heat to the feed gas stream so as to 
superheat said feed gas stream to a temperature 
above the saturation temperature of the feed gas at 
the feed gas pressure prior to the passage of said 
feed gas to the permeable membrane system; 

(c) an enclosure surrounding said membrane 
system and said heat supply means, said enclo- 
sure being insulated to control and/or minimize the 
loss of heat therefrom such that any loss of heat is 
not greater than the heat being supplied by said 
heat supply means and superheat conditions are 
maintained with respect to the feed gas stream 
being passed the the membrane system whereby 
condensation of constituents of the feed gas 
stream within the membrane system is effectively 
precluded and/or a stable, even control of the tem- 
perature within the membrane system can be 
maintained, with advantageous flexibility in the 
changing of the temperature within the system to 
achieve more efficient, optimum operation of the 
membrane system. 

2. The system of claim 1 in which said heat 
supply means comprises means for supplying heat 
external to the gas separation operation to said 
insulated enclosure. 

3. The system of claim 2 in which said heat 
supply means comprises electric heater means po- 
sitioned within said Insulated enclosure. 

4. The system of claim 2 in which said heat 
supply means comprises steam introduced to with- 
in said insulated enclosure. 



5. The system of claim 2 and including means 
for compressing said feed gas stream to the de- 
sired pressure level for passage to said heat sup- 
ply means and membrane system positioned within 

5 said insulated enclosure. 

6. The system of claim 5 and including means 
for cooling said compressed feed gas and for re- 
moving liquid droplets therefrom so that said feed 
gas is essentially saturated at the desired pressure 

10 level upon being passed to said heat supply means 
and membrane system positioned within said In- 
sulated enclosure. 

7. The system of claim 1 and including com- 
pressor means for compressing said feed gas 

/5 Stream to the desired pressure level for passage to 
said heat supply means and membrane system 
positioned within said insulated enclosure. 

8. The system of claim 7 in which said heat 
supply means comprises heat exchange means for 

20 supplying heat to said feed gas stream within said 
insulated enclosure. 

9. The system of claim 8 in which said heat 
exchange means Is adapted to supply heat directly 
to said feed gas stream. 

25 10. The system of claim 9 and including means 

for recovering the heat of compression generated 
upon compression of the feed gas stream and 
passing said heat to the heal exchange means 
within said insulated enclosure. 

30 11. The system of claim 10 in which said 
compressor means comprises an oil-flooded com- 
pressor means, and including conduit means for 
passing oil heated in said compressor means to 
said heat exchange means. 

36 12. The system of claim 11 and including con- 
trol means for adjusting the amount of healed oil 
passed to said heat exchange means. 

13. An improved gas separation process com- 
prising: 

40 <a) passing a feed gas stream into an in- 

sulated enclosure adapted to control and/or mini- 
mize the loss of heat therefrom; 

(b) supplying sufficient heat within said in- 
sulated enclosure so as to superheat the feed gas 

45 stream therein to a temperature above the satura- 
tion temperature thereof at the feed gas pressure, 
said insulated enclosure serving to control and/or 
minimize the loss of heat therefrom such that any 
loss of heat Is not greater than that being supplied 

50 within said insulation enclosure, so that superheat- 
ed conditions are maintained with respect to the 
feed gas stream within said insulated enclosure; 
. (c) passing the thus-superheated feed gas 

stream to a permeable membrane system posi- 

56 tioned within said insulated enclosure, said per- 
meable membrane system containing at least one 
membrane module capable of selectively permeat- 
ing a more readily permeable component of the 
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feed gas stream from a less readily permeable 
component thereof, said membrane module or 
modules not being individually Insulated from the 
retention of heat therein; 

(d) withdrawing the less readily permeable 
component from the membrane system and from 
said insulated enclosure as non-permeate gas at 
essentially said feed gas pressure; and, 

(e) separately withdrawing the more readily 
permeable component frorn the membrane system 
and from said insulated enclosure as permeate gas 
at a lower pressure, 

whereby condensation of constituents of the feed 
gas stream within the membrane system is effec- 
tively precluded and/or a stable, even control of the 
temperature within the membrane system can be 
maintained, with advantageous flexibility in the 
changing of the temperature within the system to 
achieve more efficient optimum operation of said 
gas separation process. 

14. The process of claim 13 in which said heat 
is supplied within the insulated enclosure by pass- 
ing heat external to the gas separation process to 
said insulated enclosure. 

1 5. The process of claim 1 4 in which said heat 
is supplied by the positioning of electric heater 
means within said insulated enclosure. 

16. The process of claim 14 in which said heat 
is supplied by introducing steam to within said 
insulated enclosure. 

17. The process of claim 14 and Including 
compressing said feed gas stream to the desired 
pressure level for passage to said insulated enclo- 
sure. 

18. The process of claim 17 and including 
cooling said compressed feed gas and removing 
liquid droplets therefrom so that the feed gas is 
essentially saturated at the desired pressure level 
upon being passed to said insulated enclosure. 

19. The process of claim 1 in which said feed 
gas comprises air, said less readily permeable 
component comprises nitrogen, and said more 
readily permeable component comprises oxygen. 

20. The process of claim 18 in which said feed 
gas comprises air. said less readily permeable 
component comprises nitrogen, and said more 
readily permeable component comprises oxygen. 

21. The process of claim 13 and including 
compressing said feed gas stream to the desired 
pressure level prior to passage thereof to said 
insulated enclosure. 

22. The process of claim 21 in which the heat 
to superheat the feed gas stream within the in- 
sulated enclosure is supplied by heat exchange 
means positioned within said insulated enclosure. 

23. The process of claim 22 in which said heat 
exchange means is adapted to supply heat directly 
to said feed gas stream. 



24. The process of claim 23 in which the heat 
supplied to the feed gas by said heat exchange 
means comprises heat recovered from the heat of 
compression generated upon compression of the 

5 feed gas stream. 

25. The process of claim 24 in which the feed 
gas is compressed using an oil-flooded compres- 
sor, the heated oil from the compressor being 
passed to said heat exchange means to provide 

10 said heat required to superheat the feed gas. 

26. The process of claim 25 and including 
passing additional heat to the insulated enclosure, 
said additional heat comprising heat external to the 
gas separation process. 

1$ 27. The process of claim 25 in which said feed 
gas comprises air, said less readily permeable 
component comprises nitrogen, and said more 
readily permeable component comprises oxygen. 
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